Systemic arterialization of the lung without pulmonary sequestration is the rarest form of anomalous systemic arterial supply to the lung. This condition is characterised by an aberrant arterial branch arising from the aorta which supplies an area of lung parenchyma with normal bronchopulmonary anatomy. It is often diagnosed following investigation of an incidental cardiac murmur or based on abnormal imaging, as most patients are asymptomatic or minimally symptomatic. Thoracic computed tomography and computed tomography angiography are generally the most useful diagnostic tests. We present a case of a 22-year old female who was diagnosed with systemic arterial supply to a portion of otherwise normal right lower lobe following investigation of low volume haemoptysis.
CASE REPORT
A 22-year-old female presented to our institution with a two-day history of low volume haemoptysis. On questioning, she admitted to having several similar, but less pronounced episodes of haemoptysis as well as an otherwise nonproductive chronic cough over the preceding three years, for which she had not sought medical attention. She was otherwise well. On presentation, Chest X-Ray ( Figure 1 ) and laboratory findings were unremarkable.
Subsequent thoracic computed tomography (CT)
angiography demonstrated a small well circumscribed area of ground glass density in the medial basal segment of the right lower lobe, exclusively supplied by a single systemic artery arising from the descending thoracic aorta (Figure 2 ).
Multiplanar reformatted images clearly demonstrated the exclusive systemic arterial supply to this segment and atresia of the pulmonary artery branch to the right lower lobe, but with a more typical pulmonary venous drainage pattern ( Figure  3 ) -compatible with a diagnosis of systemic arterialization of the lung without sequestration. The patient was also incidentally noted to have an anomalous tracheal bronchus supplying the right upper lobe (Figure 4) . The patient was counselled as to potential treatment options prior to discharge and then again at review two weeks later. As she remained well with no further episodes of bleeding, she declined definitive treatment as this time.
Anomalous systemic arterial supply to the lungs has been extensively described in association with other congenital abnormalities such as bronchopulmonary sequestration and hypogenetic lung syndrome (scimitar syndrome). In 1946, Pryce introduced the term 'sequestration' to describe congenital abnormalities characterised by an anomalous systemic arterial supply to the lung and atresia or hypoplasia of the pulmonary artery [1, 2] . Sequestration was defined by Pryce as a "disconnected (dislocated, ectopic) bronchopulmonary mass or cyst with an anomalous systemic blood supply" [1] . Since Pryce's early description of sequestration, a wide spectrum of bronchopulmonary-vascular malformations have been recognised, many of which do not fulfil the original definition. Our case differs from traditional descriptions of sequestration, in that a portion of normal lung receives an anomalous systemic blood supply. Sade et al. proposed the concept of a 'sequestration spectrum', in order to encompass and describe the various combinations of abnormal bronchial connection, arterial supply and venous drainage [3] . As a similar spectrum concept, Clements and Warner introduced a simple descriptive anatomical approach to such complex bronchopulmonary-vascular malformations named 'pulmonary malinosculation spectrum' [4] (Table 1) . This classification includes all congenital lung abnormalities in which there is malinosculation (anomalous communication between blood vessels or other tubular structures) and is constructed in three steps [4, 5] . First, the abnormalities of bronchopulmonary airway, arterial supply, or both are classified as bronchopulmonary malinosculation, arterial pulmonary malinosculation and bronchoarterial pulmonary malinosculation, respectively. The second step in the classification defines the associated abnormalities of venous drainage, and the third step describes associated abnormalities of lung parenchyma [4] . According to the concept introduced by Clements and Warner, our case can be classified as arterial pulmonary malinosculation.
Systemic arterialization of the lung without pulmonary sequestration is the rarest form of anomalous systemic arterial supply to the lung [2, 6] . This condition is characterised by an aberrant systemic arterial branch which can arise from the thoracic portion of the descending aorta, or less commonly from the abdominal aorta or coeliac axis, supplying an area of lung parenchyma with normal bronchopulmonary system [2, 7, 8] . The left lower lobe is most often involved, and there is commonly an atresia of the corresponding pulmonary artery with a normal venous drainage [6, 9] . Interestingly, our case presents an anomalous systemic arterial supply to a nonsequestered portion of the right lower lobe in association with an abnormal tracheal bronchus supplying the right upper lobe. Accompanying anomalies are uncommonly seen in systemic arterialization of the normal lung, whereas 14-59% of cases of sequestration are associated with other malformations [5, 6] , such as diaphragmatic hernia, congenital cystic adenomatoid malformation, and congenital heart disease [10, 11] .
The aetiology of this anomaly is not completely understood; a persistent remnant of the embryonic connection between the aorta and the pulmonary parenchyma is thought to be responsible [8, 12] . It has been proposed that systemic arterial supply to an area of otherwise normal lung may form part of the sequestration spectrum in that it is a mild form of the process that, when more severe, may cause persistence of remnants of the embryonic arterial connection and sequestration of a portion of lung parenchyma [12] .
The prevalence of anomalous arterial supply to the lung without sequestration is very low -only 10 cases had been reported in all English and Chinese literature up to 1994 [13] . Yamanaka et al. reviewed 12 cases in the English literature up to 1999 and reported an age distribution ranging from 0 months to 68 years, with an average age of 21.2 years [8] . Male gender with a ratio of 2:1, left side and descending thoracic aorta as the aberrant arterial origin were predominant [8] . Systemic arterial supply to the right lower lobe comprised 16% of cases. An estimated incidence of systemic arterial supply to the normal lung has never been published -this is thought to be due to the rarity of this condition [14] .
The majority of patients are asymptomatic, however recurrent pulmonary infection, cardiac failure due to left-to-left shunt and haemoptysis are possible clinical presentations [8] . The proposed explanation for the intermittent episodes of haemoptysis reported by our patient is the higher pressure of systemic circulation generated in the abnormally perfused segments of the right lower lobe resulting in intra-alveolar haemorrage.
Systemic arterial supply to the lung without sequestration may be diagnosed following investigation of an incidental cardiac murmur [6, 12] , especially in children, or based on abnormal imaging [8] . A retrocardiac tubular structure or a focal area of consolidation may be evident on chest X-Ray [15] . Computed tomography may reveal a focal area of ground glass density, indicating an area of relative hypervascularity and/or intra-alveolar haemorrhage. The CT findings of ground glass density in our patient likely represent air space haemorrhage. CT can also demonstrate an aberrant systemic arterial supply to part of the lung [2, 8] . Thoracic CT is the most useful test in the evaluation of patients with suspected abnormal systemic arterial supply to the lung, as it demonstrates both the bronchial and vascular anatomy of the lung [9] . CT angiography can clearly depict the origin of the aberrant systemic artery. MRI has also been reported to be useful in identifying an anomalous vessel originating from the aorta [13] . diaphragm [17, 18] . Computed tomography has the advantage of revealing the abnormal lung parenchyma and the arterial and venous anatomy [17] . Evidence of a homogenous or heterogenous lung mass supplied by a systemic arterial branch on CT should raise suspicion of lung sequestration. MRI can be useful to differentiate the cystic, solid, haemorrhagic and mucous components of the lung mass, as well as providing details of the venous drainage and the abnormal systemic artery [12, 17] .
On the other hand, hypogenetic lung syndrome is associated with volume loss of the right lung, which is usually evident on chest X-Ray [16] . CT angiography and MRI reveal the typical vascular abnormalities of this rare condition. In its complete form, scimitar syndrome consists of ipsilateral anomalous pulmonary drainage into the inferior vena cava along with hypoplasia or other malformations of the right pulmonary artery, and anomalous systemic arterial supply to the lower lobe of the right lung [16] .
Treatment is recommended in both symptomatic and asymptomatic patients in order to prevent haemoptysis [5] . Various treatment modalities have been described, including lobectomy or segmentectomy, systemic artery to pulmonary artery anastomosis and endovascular treatment. Differentiation between this condition from classic sequestration has important treatment implications as it may allow non-operative management (angiographic embolization) of the aberrant systemic artery [5] .
Systemic arterialization of the lung without sequestration is a rare condition often diagnosed following investigation of an incidental cardiac murmur or based on abnormal chest X-Ray or CT of the thorax, as most patients are asymptomatic. CT is the most useful diagnostic test as it demonstrates both the bronchial and vascular anatomy of the lung while CT angiography can clearly depict the origin of the aberrant systemic artery, avoiding invasive techniques for the diagnosis. 
